Nitric oxide (NO) acts as a signalling molecule that has direct and indirect regulatory roles in various functional processes in biology, though in plant kingdom its role is relatively unexplored. One reason for this is the fact that sensing of NO is always challenging. There are very few probes that can classify the different NO species. The present paper proposes a simple but straightforward way for sensing different NO species using chlorophyll, the source of inspiration being hemoglobin that serves as a NO sink in most mamalian system. The proposed method is able to classify NO from DETA-NONOate or (Z)-1-[N-(2-aminoethyl)-N-(2-ammonioethyl) amino] diazen-1-ium-1,2-diolate, nitrite, nitrate and S-nitrosothiol or SNO. This discrimination is carried out by chlorophyll a (chl a) at nano molar (nM) order of sensitivity and at 293K to 310K. Molecular docking reveals the differential binding behaviour of NO and SNO with chlorophyll, the predicted binding affinity matching with the experimental observation. Additional expreiments with diverse range of cyanobacteria reveals that apart from spectroscopic approach the proposed sensing module can be used in microscopic inspection of NO speices. Binding of NO is sensitive to tempertaure and static magnetic field. This provides additional support to the involvement of the porphyrin ring structure to the NO sensing process. This
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Introduction
The importance of NO as a reactive free radical in biological environment is well documented [1] . However the role of NO in plant systems is relatively unexplored. A detailed understanding of the interaction mechanisms and knowledge in possible role of NO [2] may be of some interest. A number of extensive 5 studies establish the significance of NO driven interferences in plant systems [3] .
NO influences growth parameters, metabolism, cell differentiation, disease response, stress and nitrogen fixation etc. [4, 5, 6] . Again, detection, sensing and regulation of NO in photosynthetic organisms, cyanobacteria and plants are not clear [7] . 10 A multiple of reductive and oxidative pathways are associated with NO biosynthesis in plant systems. Both enzymatic and non-enzymatic processes mediate NO production in plants, NO acting as an endogenous metabolite [8] . Additionally, NO production from L-arginine/NADPH mediated pathways by the activity of nitric oxide synthase (NOS) [9] enzyme generally involves a num-15 ber of genes which further establish the enormous importance of such a small mediator molecule (NO) in plant systems [10, 11] . Exogenous conversion of NO from nitrite or other sources of NO further influence distinct physiological functions [12, 13, 14] . Although, extensive disparity and confusions regarding the activity of NO and limit of detection (LOD) for analytical systems arises 20 due to unstable nature and high reactivity of NO [15] .
Interestingly, NO is capable of effecting photosynthetic electron transition and initiate subsequent downstream cellular processes such as photophosphorylation [16, 17] . The macrocyclic core of the major photosynthetic pigment chla is coordinated to magnesium (M g 2+ ) as a central metal atom which is responsible for its unique optical, physical and biochemical properties [18, 19] . It is therefore logical to assume that the photosynthetic machinary would indirectly or directly ssense NO. This paper is primarily based on this rationale. A supportive argument could be the structural homology chlorophyll shares with hemoglobin that is a NO-sink in mammalian systems [20, 21, 22] . 
Reported methods for NO sensing
To address such problems regarding global significance and interest we investigate the interaction of both NO and SNO to the major pigment chla at a cell free state and within cyanobacterial and algal photosynthetic membranes.
Nitrates, nitrites, diolate or DETA-NONOate, Sodium nitroprusside or SNP 35 and GSNO was also examined as other potent and reliable NO donors [23] . Additionally, NO reactivity depends on a number of factors and conditions such as temperature and oxygen pressure status of the micro-environment which readily interferes to the NO reactions. Finally, a molecular model has been proposed to study the interplay between the differential binding of NO or SNO to Chla.
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Importance of NO sensing is one of the major challenges with respect to the vast amount of interactions of this molecule in biological regulation [24, 25] . NO is generally detected as nitrite by griess chemistry (Peter Griess, 1858) and metalloprotein (HbO 2 -MetHb) assay systems [26, 27] . Additionally, a large number of NO detection tools are reported based on electrochemical analysis [28, 29] , spec-45 troscopic or fluorescence probes [30] such as fluorescein or DAF [31] and chemiluminescence methods [32] . Specialized and sophisticated instruments such as NO analyzers, electron paramagnetic resonance (EPR or ESR) [33] and direct contact based NO electrodes are available for the measurements of NO [34, 35] .
However, these procedures are prone to a number of limitations such as speci-50 ficity (non-specific and diffused signal), sensitivity (generally detect upto µM to mM concentration ranges), donor selectivity [36] and source discrimination etc. [37, 38] . Photo-bleaching of the fluorophore, bio-compatibility, interference, cell free and membrane bound chl a had been studied.
Cyanobacterial photosynthesis and NO
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A range of different unicellular (Chlorococcum infusionum), heterocystous (Anabaena sphaerica) and filamentous (Leptolyngbya tenuis and Leptolyngbya valderiana) algae and cyanobacteria had been examined to establish the universal role of chla in NO biosensing. Heterocyst is a specialized nitrogen fixing cell distinct from the vegetative cell, found in some cyanobacteria and
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demarcated by an abundance of nitrogenase enzyme and absence of OEC [41, 42] .
However, heterocyst formation depends on a number of specio-temporally regulated gene actions, nitrogen deprivation and 2-oxoglutarate (krebs cycle intermediate) etc. Additionally, heterocyst serve as a site for cellular differentiation in Anabaena sphaerica. Filamentous algae and cyanobacteria however differentiate 75 by mechanical breaking or discontinuity in the filaments resulting in short vegetative strands which again self-differentiate to produce new filaments. Biotic and abiotic stress frequently influence filament breaking in Leptolyngbya tenuis.
Leptolyngbya valderiana however exert high stability with regard to external stress response. 
Materials and methods
Natural photosynthetic systems operate by a combination of different pigment molecules designated to perform coherent light dependent operations [43, 44] . Thus, separation and purifications of the component pigment molecules are a pre-requisite to study the effective role and activity of the individual compo-85 nents. Chl a was found to react to a diverse range of NO both at a cell free state and within photosynthetic cells. USA). Excitation wavelength was set at 430nm with excitation and emission monochromators and emission was collected to a perpendicularly directed detector channels between 650nm to 750nm for chla. The bandwidth was set at 5nm.
Algal and cyanobacterial growth conditions
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Time kinetics data was collected with fixed excitation and emission wavelength set at 430nm and 665nm respectively. A synchronous fluorescence measurement was conducted at wavelength region of 350nm to 750nm with simultaneous excitation and emission scanning. All the experiments were performed at fixed temperatures as referred in the text. SNO treated samples were incubated for
peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/146563 doi: bioRxiv preprint first posted online Jun. 6, 2017; 30 minutes at 310K before measurements. All the experimental data was fitted to best fit theoretical models with coefficients having 95% confidence bounds using Origin 7 and Matlab 2014a software.
Cryogenic fluorescence measurements
Low temperature fluorescence emission was collected in a fluorescence spec-145 trophotometer (Hitachi F-7000, Japan) equipped with a cryogenic low temperature measurement accessor (Model: 5J0-0112, Japan). Photosynthetic energy transfer dynamics (P 723 /P 700 ), NO detection and spin coupled SNO sensing G-M switch was designed at 77K. The excitation light was provided from a xenon light source equipped with excitation monochromator set to 480nm (slit width = 150 5nm). Emission was scanned from 650 to 800 nm with emission monochromator (slit width = 10nm). The samples were diluted in presence of appropriate cryoprotectant glycerol (>60%) before freezing them prior to the low temperature measurements. Low concentration of free fluorophore (µM order) was applied to avoid any interference due to self quenching or inner filter effects. Porphyrin spe-155 cific excitation at 590nm was also implied at cryogenic temperatures [52] which results in multiple emission bands adjacent to the NIR region (data not shown).
Experimental NO reactants
GSNO is an endogenous S-nitrosothiol which is a source of bio-available NO [53, 54] . In an in-vitro temperature regulated liquid state GSNO releases 160 maximum amount of purely dissolved NO. Intra-cellularly the amino acid glutathione [55] reacts to NO to form GSNO. Extracellularly GSNO decompose to generate NO and disulfide by a homolytic cleavage of S-N bonds [56, 57] . The following equation illustrates the decomposition of SNO either by thermal or photo lytic degradation or by transition metal-ion dependent breakdown into NO and thiyl 165 radical RS
. [58, 59, 57] ,
The RS . radical subsequently reacts to form di-sulfide (S-S) bonds. GSNO often catalyze S-nitrosation reactions [60, 61] . GSNO was prepared freshly at and cyanide or CN − as by-products which again acts as blockers of the photosynthetic electron transport chain [62] . Nitrites are again regarded as a potent source of NO [63] . Nitrates however undergo reduction reactions (NR enzymes)
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to generate nitrite and NO. Nitrites act as a vasodilator under hypoxic conditions and are regarded as potent diagnostic biomarkers [64, 65] . Metalloporphyrins are also considered as a precursor from which NO can be released from point irradiation by a photochemical de-nitrosylation process [66] .
The impact of NO and SNO to chl a at a cell free state and at membrane bound The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/146563 doi: bioRxiv preprint first posted online Jun. 6, 2017; cence emissions between 500-600nm with fixed excitation at 480nm.
Spin modulated quantum detection of SNO
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An external SMF source of 500mT was primarily used to impart non-invasive spin perturbations to the fluorophores. A 10 minutes of magnetic (SMF) exposure was imparted to the samples at 277K before steady state and time kinetic photonic measurements at room temperature as well as at cryogenic temperatures. Previously, the 77K photosynthetic ratio (P 723 /P 689 ) and membrane 205 organizations was found to be responsive to SMF [67] . Notably, a 11nm red shift in the spectral position of the high energy (low λ) emission band of chl a results at 77K due to the solvent perturbation effects and hydrophobic self-interaction of the pigments. Contextually, a SNO sensing magneto-photonic G-M switching method had been designed at 77K. SNO intermediates was subjected to SMF 210 at 277K at dark conditions before cryogenic measurements.
Fluorescence microscopy
Fluorescence imaging was conducted in a Zeiss anioscope a1 fluorescence microscope equipped with laser illumination source. Imaging was performed at 100× magnification and in oil immersion. A phase contrast and fluorescence 215 analysis of the photosynthetic organisms and subsequent SNO interactions were examined at room temperatures. Blue and red optical fiters and were utilized for the excitation and emission channels respectively for NO analysis.
Molecular docking
Chlorophyll-A structure: The Chlorophyll-A (chlA) structure was ob-220 tained from the PDB[68] file 3PL9 which is an X-ray structure of Spinach Minor Light-Harvesting Complex Cp29 solved at 2.80Å [69] . All hydrogen atoms were geometrically fixed to the chlorophyll-A molecule (residue identity: CLA, residue number: 604 in the PDB file) using the corresponding Autodock module and kollman partial charges were assigned to all atoms prior to docking [70] . The peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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Ligand structures
Structures of the reactive intermediates, namely, nitric oxide (NO) and Snitrosothiols (SNO) were build by the popular structure drawing software Mar-230 vinSketch (https://www.chemaxon.com/products/marvin/marvinsketch), considering a partial triple bond and a double bond for N-O, respectively in the two molecules. All structures were optimized for their appropriate and accurate internal coordinates using the 'clean in 3D' option of the software. Marvin Sketch does not return any hydrogen atoms in the built structure which was 235 necessary for the satisfaction of valencies and assignment of accurate charges to proceed for docking. Hence, the sulfhydryl hydrogen atom (-SH) was geometrically fixed externally by a previously validated program [71] using the technique of fourth atom fixation [72] with appropriate internal coordinates obtained from the literature [73] . Partial charges to the ligands were assigned using the classi-240 cal Electronegativity Equalization Method (EEM) by the free online web server Atomic Charge Calculator [74] .
Docking
The GUI interface of Autodock (version 4.2) was used for all the docking. The chlorophyll-A structure was fed as the macromolecule (receptor) 245 and NO/HSNO as ligands. The grid boxes were visually set, centered on the receptor-centroid and enough large to cover all atoms of the whole receptor molecule giving rise to the dimensions of 40Å × 40Å × 40Å. No separate interaction spheres (centered on any preconceived active sites) were specified, so it was left on the docking algorithm entirely to determine the binding site of 
Results
Tetrapyrrole ring currents of the major photosynthetic pigment chl a acts as a primary target of NO or SNO at a cell free state and at a membrane bound state. Hence, the action of chl a as an effective, robust and intrinsic NO The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/146563 doi: bioRxiv preprint first posted online Jun. 6, 2017; at excited states with respect to exogenous NO and SNO corresponding to the alterations of the absorbance band structures. Fig. 2 The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/146563 doi: bioRxiv preprint first posted online Jun. 6, 2017; The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/146563 doi: bioRxiv preprint first posted online Jun. 6, 2017; of the ensembles in either case.
Mode of binding detected from key structural features
Note that the docking results are consistent and indicative of a definite mode of interaction without actually specifying any interaction spheres (or active sites) 375 in the docking procedure (see section 2.12). The nature of both interactions were found to be electrostatic, represented by a close approach of the Mg(II) in the porphyrin ring and the O coming from NO / -SNO (Fig 3) . The Mg-O bond length (O coming from -O=N) in chlA-NO was found to be 2.1Å falling in the same range to that of the MgN-pyroll coordinate bonds. Furthermore, 
Directionality in the binding modes of NO and SNO
Interestingly, NO and -SNO exhibited alternative directionality in their binding as revealed from the comparison of their best docked conformers (Fig. 3) .
Specifically, NO and -SNO binds to two opposite sides of the porphyrin ring- 6, 2017; plane with respect to the location of the hydrophobic phytol tail. NO binds to the side where the phytol tail is bended and curving over the porphyrin ring whereas -SNO binds to the opposite 'open' side.
Thermodynamic correlations with fluorescence experiments
The docking results are consistent and indicative of a definite mode of inter- Fig. 3 ).
Magneto photonic Chl-SNO switch
At room temperature conditions, higher vibrational levels of the fluorophore become more populated due to thermal interference and agitation leading to broadening and masking of the fine electronic and vibrational informations.
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However, at liquid nitrogen temperatures (-196 o C/77K) the thermal fluctuations render insignificant or negligible with less probability of solvent or medium collisions leading to a highly resolved spectral output. Contextually, a quantum sufficient NIRF detection method for NO (DETA-NONOate) and SNO had been developed. At cryogenic temperatures however the NO discriminatory behavior 420 of chla render more prominent due to reduced or insignificant thermal noise and highly resolved band structures. At 77K, SNO favour down-hill energy transfer.
DETA-NONOate however prefers an up-hill energy transfer described in Fig. 4 .
Notably, the weak spin coupled energy of SMF is also sensitive to high temperature destabilizations. SMF stabilize the P 723 /P 700 ratio to greater than one
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(P 723 /P 700 >1) values with respect to control chla (where the P 723 /P 700 ratio is equal to 1 denoting a thermodynamic equilibrium). Again, incubation of the 16 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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At cryogenic conditions extensive delocalized macrocyclic ring electronic currents preserves the optical and magnetic coherence and can be utilized as a spin 430 selective indicator by prior exposure to a moderate intensity (500mT) SMF.
As GSNO results in a concentration dependent drastic quenching of P 700 with continuous enhancements of P 723 , a greater value of P 723 /P 700 (>>2) was obtained each and every time with respect to equal amount of DETA-NONOate (P 723 /P 700 >1). Thus a range of increasing concentration gradient of GSNO NO or SNO react to chla to alter the energy transfer dynamics, free-energy and the net magnetic moment of the fluorophore. A non-invasive control over the SNO mediated reaction products was established by using an external SMF which at such conditions tend to preserve the free-energy and equilibrium and 455 functions by regulating the net spin magnetic moments of the products. A bi-modal magneto photonic G-M switch had been designed for SNO. 
Cyanobacterial mapping of SNO
SNO dependent drastic quenching of the major photosynthetic pigment chla specific auto-fluorescence was evident for all the algal and cyanobacterial cell and generation of separate individuals of A. sphaerica cells (Fig. S6) . Non-
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/146563 doi: bioRxiv preprint first posted online Jun. 6, 2017; heterocystous and filamentous cyanobacteria L. tenuis again exhibit high activity of the stress generated tiny vegetative fragments for higher multiplication and generation of new filaments by SNO. L. valderiana however exhibit highest level of cellular nitrite synthesis compared to the other unicellular, heterocys-480 tous and filamentous cyanobacteria described in Fig. 6b . Persistent quenching of chla fluorescence emission by SNO was again verified for L. valderiana.
Discussions
Major photosynthetic pigment chla was reported to effectively interact to NO at a donor specific manner to identify and discriminate between SNO and NO by converting into an analogue of heme which share a common precursor of biosynthesis.
Conclusions
Quantum transitions of chla upon NO incubation infer to a reactant specific chromophoric accessibility and orientation, selectivity, specificity, biasness and 520 sensitivity depending on specific intermediate formation at physiological temperatures. Compared to the neural circuits (quantum) of the brain [79] , chla also interact exclusively to distinct NO donors or sources. Interestingly, the proposed method detects NO at nM concentration ranges and corroborate the possibility of NO derived magnetic memory in chla.
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NO sensors are classically intended to be bound on the principles that obey the classical analytical approach in which a linear response is expected. Sensing of this extremely complex system can also be approached using pattern recognition in which changes in the specific spectral pattern signify to the presence of a particular NO donor or SNO and its accurate distinction by artificial intel- peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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